The chemical composition of the essential oil from the rhizome of ginger (Zingiber officinale Roscoe), collected from Nahan, Himachal Pradesh, India, was determined by gas chromatography and GC-MS. Fifty-one compounds, representing 95.1% of the oil, were identified. The oil was characterized by relatively large amounts of the monoterpenoids 1,8-cineole (10.9%), linalool (4.8%), borneol (5.6%), α-terpineol (3.6%), neral (8.1%), geraniol (14.5%), geranial (9.5%), trans-dimethoxy citral (5.0%) and geranyl acetate (6.3%). Five compounds, namely trans-linalool oxide, trans-linalool oxide acetate, (Z)-dimethoxycitral, (E)-dimethoxy citral and epi-zingiberenol are reported for the first time in oil of ginger.
Ginger, the rhizome of Zingiber officinale Roscoe (family Zingiberaceae), has been used as a spice throughout the world since times immemorial. It is now of considerable commercial interest and is one of the most important spices commercially marketed throughout the world [1] . In view of its commercial importance, it is cultivated in several countries including China, India, Australia, Sri Lanka and Nigeria.
Ginger has been valued as an herbal medicine in several countries and reported to possess carminative, antiemetic, antinauseant and anti-inflammatory properties. It is also used for the treatment of rheumatism, nervous disorders, and asthma [2] . The main pungent principles of fresh ginger are gingerols, which are biologically active. [6] -Gingerol (5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)decan-3-one) is the most abundant constituent, which has been reported to possess various pharmacological and physiological effects [3] . In dried ginger, however, the predominant pungent principles are shogaols, which are the dehydrated products of gingerols. A number of commercial preparations of ginger containing gingerol and /or shogaols have also been developed for the treatment of travel sickness and chronic arthritis [3] .
Ginger is valued for beverages, not only for its pungency but also for its characteristic pleasant aroma described as sweet, warm, camphoraceous and citrus-like. The oleoresin of ginger obtained by solvent extraction embodies both the pungent and flavor characteristics [4] . The volatile oil obtained by steam or hydro-distillation contains the aroma constituents contributing to the flavor of ginger. The essential oils of ginger from several countries have been extensively studied [1, 4, [5] [6] [7] [8] [9] [10] [11] [12] [13] .These revealed wide variation in their composition, although many of the compounds present in the oils are identical. This variation may be due to the different agroclimatic conditions where ginger is cultivated and also due to the diversity in the varieties of ginger developed. As part of our studies on the evaluation of ginger cultivars from different regions in Himachal Pradesh in India, we have examined the composition of the essential oil of a ginger accession from the Nahan district of Himachal Pradesh (IIIM-204). We report here the results of our study on the composition of its essential oil.
GC and GC-MS analyses of the essential oil of ginger accession IIIM-204 enabled identification of 51 components representing 95.1% of the oil. The identified compounds are listed in Table1 along with their area percentages. As can be seen from Table1, the oil analyzed was rich in monoterpenes. Major components of the oil were 1,8-cineole (10.9%), linalool (4.8%), borneol (5.6%), neral (8.1%), geraniol (14.5%), geranial (9.5%), (E)-dimethoxy citral (5.0%), and geranyl acetate (6.3%). Ginger oils from different regions of the world have been investigated [14] [15] [16] [17] [18] [19] [20] . There are only two reports of oils having high concentrations of monoterpenes and oxygenated monoterpenes. Ginger oil from Madagascar contained large amounts of monoterpene hydrocarbons (61.6%) and moderate amounts of oxygenated monoterpenes (21.0%). Similarly, the oil of ginger from the north-eastern Himalayan region of India was reported to contain high amounts of oxygenated monoterpenes (62.1%) and moderate amount of sesquiterpenoids (28.3%) [15] . Major components of this oil were α-pinene (7.2%), camphene (30.8%), β-phellandrene (5.9%), γ-terpinene (12.3%), neral (4.1%), geranial (9.8%) and βsesquiphellandrene (4.6%). A noteworthy feature of our collection from the north-western Himalayan region is the presence of oxygenated monoterpenes in fairly high concentration (78.0%), while it is rather low in sesquiterpenes (6.0%) and oxygenated sesquiterpenes (7.2%). Trans-β-sesquiphellandrol was tentatively identified by mass spectral data [21] . Two unidentified sesquiterpene alcohols (RI 1688 and 1693; MW 222; C 15 H 26 O) were also found in the oil (Table1). Their mass spectral data suggested that they are of the bisabolene type ( Table 2 ). It is interesting to note that ginger oils of south Indian origin were found to have a fairly high concentration of sesquiterpenes and oxygenated sesquiterpenes (67.6-68.0%) and low concentrations of monoterpenoids (11.9-14.4%) [9, 10, 18] , whereas the oils from northern India contained moderate amounts of oxygenated monoterpenoids (28.4-50.6%) and sesquiterpenoids (35.9-50.5%) [14, 16] . The volatile oil of Cuban origin, however, was high in sesquiterpenes and low in monoterpenes, as in south India [17] . The composition of the ginger oil accession IIIM-204 from the north-western Himalayan region of India was found to be similar to that of the oil from the north-eastern region of India [15] , as both oils are rich in oxygenated monoterpenes. However, there were considerable differences in their compositions. Camphene hydrate, p-cymene-8-ol, epoxylinalool oxide, geranic acid, 5β H, 7β, 10α-selina-4 (14), 11-diene, cis-γ-cardinene, oplapanone and α-bisabolol reported in the oil from the north-eastern region have not been detected in the oil of the ginger accession IIIM-204. Similarly, Sabina ketone, perillene, citronellol, trans-linalool oxide acetate (pyran), (Z)-dimethoxy citral, (E)-dimethoxy citral, α-zingiberene, epi-cubebol, β-sesquiphellandrene, zingiberenol, epizingiberenol, 10-epi-γ-eudesmol, trans-β-sesquiphellandrol and (E,E)-farnesol found in the oil of the present study, were not reported in the oil from the north-eastern Himalayan region of India. The oil of accession IIIM-204 is unique in its composition, having a high percentage of monoterpenoids and a low percentage of sesquiterpenes; this can, therefore, be considered a new chemotype.
Trans-linalool oxide (pyran) and its acetate, cis-dimethoxy citral, trans-dimethoxy citral and epi-zingiberenol are being reported for the first time in the essential oil of ginger. The mass spectral data of these compounds are presented in Table 2 . As the oil of accession IIIM-204 is rich in monoterpenoids and contains neral, geraniol and geranial in fairly high concentration, it may find application in food flavors, beverages and condiments. 
